Aim: It is speculated that statin therapy modulates the synthesis of polyunsaturated fatty acids (PUFA), including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). However, the data available on the effects of statin therapy on the serum levels of PUFA and the subsequent impact on in-stent restenosis (ISR) in patients with acute coronary syndrome (ACS) are limited.
Introduction
Primary percutaneous coronary intervention (PCI) with stent implantation improves outcomes in patients with acute coronary syndrome (ACS) [1] [2] [3] [4] tion for dyslipidemic Japanese patients, a regular-dose statin regimen is defined as 5 mg of rosuvastatin, 2 mg of pitavastatin, 10 mg of atorvastatin, 10 mg of pravastatin, or 30 mg of fluvastatin. A high dose is defined as a dose higher than the regular dose, and a low dose is defined as a dose lower than the regular dose.
Excluded were patients using fish oil supplements or n-3 PUFA -containing drugs on admission or those who had used fish oil supplements or received n-3 PUFA therapy after ACS onset. In addition, patients with symptomatic, active malignant diseases, liver dysfunction (aspartate aminotransferase levels 100 IU/L, alanine aminotransferase levels 100 IU/L), or severe renal dysfunction with hemodialysis were excluded.
ACS included acute myocardial infarction and unstable angina. Acute myocardial infarction was defined as the transient increase of the muscle and brain (MB) fraction of creatine kinase to a threshold of more than 3 times the 99th percentile of the upper reference limit (150 U/L) following PCI in patients with ischemic symptoms and/or typical electrocardiographic findings (ST elevation) 7) . Unstable angina was defined as angina at rest, accelerated exertional angina combined with typical electrocardiographic changes (ST depression), or an increase in the intensity of anti-ischemic therapy with a transient increase of the MB fraction of creatine kinase to a threshold of less than 3 times the 99th percentile of the upper reference limit, as described previously 5) . ISR was defined 16) as binary angiographic restenosis when ≥ 50 percent of luminal narrowing at follow-up angiography was detected and as clinical restenosis when both binary angiographic restenosis and clinical symptoms or signs of ischemia (either at rest or with stress) were present OR when a ≥ 70 percent of luminal narrowing at follow-up angiography was de-PUFA therapy and 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (statins) decrease CV events in patients with or without coronary artery diseases 7, 8) . This may be attributed to the pleiotropic effects of PUFA including vascular anti-inflammatory effects and inhibitory effects on neointimal proliferation [9] [10] [11] [12] , which suggests their possible role in the prevention of ISR. However, the data available on the correlation between PUFA therapy and the risk of developing ISR are limited 13) . Statin therapy is established for the primary and secondary prevention of CV events 14) . In addition, they are speculated to modulate the activity of PUFA synthesis and to decrease the levels of EPA and DHA 15) . This study aimed to investigate the effects of statin therapy on the serum levels of PUFA and the subsequent impact on ISR in patients with ACS, because decreased serum levels of n-3 PUFA may be used as a target for the prevention of ISR following statin therapy and the data available on the impact of statins on PUFA and ISR in patients with ACS are limited.
Material and Methods
We retrospectively reviewed data from Japanese patients with ACS who underwent successful emergent PCI with stents implantation for de novo lesions at the Department of Cardiovascular Medicine in Tokushima University Hospital between January 2009 and July 2017. A total of 120 patients with ACS who received emergent coronary stent implantation, followup scheduled coronary angiography to evaluate ISR at least 3 months following the emergent PCI, and statin therapy, including rosuvastatin, pitavastatin, atorvastatin, pravastatin, fluvastatin, and simvastatin were serially enrolled (Fig. 1) . According to the drug informa- Blood samples were collected prior to the emergent PCI on admission and prior to the follow-up cath- Tables 1 and 2 show the characteristics of patients newly treated with statins stratified by ISR on admission. Follow-up coronary angiography was performed 7.3 1.9 months following PCI on the onset of ACS. Follow-up coronary angiography revealed 38 ISR cases. Except for those in the levels of EPA and rate of anticoagulants use, no differences between the characteristics of the patients in the ISR and non-ISR groups were noted. In addition, no differences in the prevalence of drug-eluting stent (DES) implantation and the stent diameter or length were noted.
Results

Clinical Characteristics of Subjects
Statin Therapy Decreases Levels of LDL-C in Patients with ACS
New statin therapy significantly decreased serum levels of LDL-C, while it did not change those of the TG and the HDL-C ( Table 3) .
Statin Therapy Decreases Levels of DHA in Patients with ACS
New statin therapy significantly decreased serum levels of DHA, DHA/AA, and (EPA DHA)/AA but did not change those of EPA, AA, and EPA/AA ( Table  3) . There were no differences in the change in EPA, AA, EPA/AA, and DHA/AA levels among the statin dosages (Fig. 2) . However, statin therapy decreased serum level of DHA in a dose-dependent manner. In addition, there were no differences in the change in EPA, DHA, AA, EPA/AA, and DHA/AA levels among the types of statins including rosuvastatin, pitavastatin, atorvastatin, pravastatin, and fluvastatin/simvastatin (Fig. 3) .
Correlation between Changes in LDL-C and DHA
We investigated whether the changes in serum was used to measure the serum composition of PUFA, including the levels of EPA, DHA, and arachidonic acid (AA) 8, 9) . The intra-and inter-assay coefficients of variation for the EPA, DHA, and AA measurements were 1.3% and 3.3%, 1.5% and 2.2%, and 1.1% and 2.2%, respectively 17) . In addition, other biochemical parameters, including low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) were measured.
The Tokushima University Hospital Ethics Committee approved the study protocol (No. 2092), and the study was conducted in accordance with the Declaration of Helsinki.
Statistical Analyses
The continuous variables were expressed as a mean standard deviation, while the categorical variables were expressed as percentages. The differences between CV risk factors with and without ISR were evaluated using Student's t -test, the Mann -Whitney U test, or the chisquare test according to their distributions. The paired t -test was used to evaluate the differences in the serum levels and the ratio of PUFA and the levels of LDL-C, HDL-C, and TG on the onset of ACS and on the follow-up coronary angiography. After stratification by dosage or type of statins, the differences in the levels or ratio of PUFA were determined by one-way analysis of variance. Pearson's correlation analysis was used to evaluate the correlation of changes in the serum levels of DHA with that of LDL-C. Single and multivariate logistic regression analysis was used to assess the degree of association between ISR and CV risk factors. JMP software version 10 (SAS, Cary, NC) was used to perform all the statistical analyses. Statistical significance was defined as a P-value of 0.05. revealed that changes in serum levels of LDL-C (LDL-C on follow-up -LDL-C on ACS onset) were positively correlated with changes in serum levels of DHA (DHA levels of DHA were induced by statins by recording the changes in the serum levels of LDL-C. In the patients newly treated with statins, Pearson's correlation analysis : levels of and ratio of PUFA on follow-up -levels of and ratio of PUFA on ACS onset Rosva, rosuvastatin; Pitava, pitavastatin; Atrova, atorvastatin; Prava, pravastatin; Fluva, fluvastatin.
EPA (μg/mL)
DHA (μg/mL) AA (μg/mL) EPA/AA DHA/AA both EPA and DHA inhibit the proliferation/migration of vascular smooth muscle cells [26] [27] [28] , vascular inflammation 29) , neovascularization 30, 31) , and collagen-induced platelet aggregation 25, 32) . Thus, n-3 PUFA, including EPA and DHA, could reduce the incidence of ISR. However, because the effects of EPA and DHA on atherosclerosis are overlapping, the differential effects between DHA and EPA have been less well established. In an animal study, we showed that when combined with EPA, DHA treatment has additional anti-inflammatory and anti-atherosclerotic effects on Apoe / mice fed with a Western-type diet 29) . The result indicates that DHA can potentially prevent coronary atherosclerosis or ISR even when the EPA level is not low. Thus, EPA and/or DHA supplementation can potentially prevent ISR. However, no clinical studies have evaluated the effects of PUFA, including EPA and DHA on ISR. Prior to the stent-era, the accumulated evidence showed no beneficial effect of fish oils, including PUFA on coronary restenosis treated with balloon angioplasty in patients with stable angina; however, previous meta-analyses revealed a positive effect of fish oils on coronary restenosis 33, 34) . The CART study reported that initiating treatment with PUFA (2.7 g/d of EPA and 2.3 g/d of DHA) at least 2 weeks prior to an elective coronary balloon angioplasty for 6 months after did not prevent restenosis 35) . Similarly, the EMPAR Study and another study reported that fish oils (3.2 g/d of EPA and 2.2 g/d of DHA) and high doses of fish oils (4.1 g/d of EPA and 2.8 g/d of DHA), respectively, starting at least 1 or 2 weeks prior to an elective coronary balloon angioplasty did not prevent restenosis 36, 37) . This indicated that 1 -2 weeks of PUFA therapy prior to coronary balloon anon follow-up -DHA on ACS onset) (P 0.01), indicating that statins decrease DHA, which are reduced in parallel with the reduction of LDL-C levels (Fig. 4) .
Statin-Induced Decrease in DHA is a Risk Factor for ISR
We evaluated whether the serum levels of EPA and DHA on admission or on follow-up were risk factors for ISR. The single regression analysis revealed that the levels of EPA and EPA/AA ratios were significantly correlated with an increased prevalence of ISR on admission; however, this correlation was not significant on the follow-up ( Table 4 ). In addition, there was no significant correlation between the prevalence of ISR and age, male gender, body mass index, hypertension, type 2 diabetes, estimate glomerular filtration rate, prevalence of DES implantation, stent diameter and length, and metabolic parameters of TG, HDL-C, LDL-C, and HbA1c both on admission and on follow-up catheter examination ( Table 4 ). In addition, the ISR rate of bare metal stents and second-and third-generation DESs were 34%, 15%, and 32%, respectively; however, there were no significant differences in the prevalence of ISR among the stent types (data not shown). Stent diameter and length, type 2 diabetes, and renal dysfunction are traditional risk factors for ISR [18] [19] [20] [21] . In addition, the serum levels of PUFA are influenced by age 17) . Multiple logistic regression analysis adjusted for those factors revealed that the decrease in DHA after statin therapy was an independent factor for increased prevalence of ISR. Furthermore, low serum level of EPA on admission was also an independent factor for increased prevalence of ISR ( Table 5) .
Discussion
Our results revealed that ACS patients who were newly treated with statins had reduced serum levels of DHA, which were dependent on reduced LDL-C levels, indicating that statins alone can decrease serum levels of DHA but not EPA. In addition, a decreased DHA level after statin therapy and a low EPA level on admission of patients with ACS were risk factors for developing ISR. The results indicated that EPA level should be maintained before the onset of ACS for better outcome of ACS, and DHA should be maintained after statin therapy after onset of ACS.
ISR is the result of arterial damage with subsequent neointimal proliferation/migration of vascular smooth muscle cells from the bone marrow 22) and inflammatory changes in the form of macrophage accumulation, extensive neovascularization in response to stent-associated injuries 16, 23, 24) , and platelet aggregation 25) . Previous experimental studies have shown that DHA ( g/mL)
LDL-C (mg/dL) DHA has not been fully elucidated, it is speculated that statins can modulate the enzyme activity of PUFA synthesis, including fatty acid desaturases 1 and 2 and elongation of very long chain fatty acids protein 5 39) . Compared to EPA, DHA predominantly circulates in the blood. In addition, statins reduce LDL-C, a lipoprotein that includes EPA and DHA. Thus, higher concentrations of DHA in the serum may be more susceptible to a statin-induced LDL-C lowering.
Several studies reported that, in patients with myocardial infarctions, PUFA intake can decrease CV events. The DART study reported that, when compared to reducing fat intake and increasing cereal fiber intake in patients with myocardial infarction, eating fatty fish reduced the 2-year all-cause mortality by 29% 40) . The GISSI-Prevenzione study reported that PUFA intake resulted in a significant reduction in the total and CVgioplasties may not be long enough to prevent restenosis. Thus, further research is needed to evaluate the effects of PUFA on ISR especially in ACS patients at high risk of ISR.
In this study, follow-up coronary angiographies revealed that the serum levels of DHA were reduced in patients on statin therapy with a parallel reduction in LDL-C levels. In contrast, this was not observed with EPA. Statin therapy and diet reportedly modulate PUFA composition. Jula et al. reported that simvastatin significantly reduced the serum levels of DHA in patients with hyperlipidemia when compared to placebo; however it did not reduce the EPA levels 15) . Additionally, Nozue et al. reported that pitavastatin decreased serum DHA/AA ratio in patients with CV diseases, whereas it did not decrease EPA/AA ratio 38) . Although the mechanism by which statins reduce serum levels of levels of DHA in parallel with a reduction in LDL-C levels in patients with ACS. Decreased DHA level after statin therapy and low eicosapentaenoic acid level on admission are risk factors for ISR, which indicated that decreased serum level of DHA may be a residual target for the prevention of ISR in patients with ACS.
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This study has several limitations. First, we used a retrospective design with a small sample size at a single center. Second, we did not evaluate the dietary intake of PUFA. Third, we excluded patients who did not receive follow-up catheter examinations, which may have led to a patient selection bias. Therefore, larger, prospective studies are needed to validate the effects of PUFA on ISR.
In conclusion, statin therapy decreased the serum 
